The Pe/argonium pinnatum species complex of section Hoarea (Sweet) DC. consists of geophytes with similar pinnate leaves. Macromorphological, anatomical and palynological studies were done to delimit the species and determine their relationship. 
Introduction
The Pelargonium pinnatum species complex consists of a small number of geophytic species with similar pinnate leaves, but with variations in the floral structure. All of them have the regularly shaped tubers characteristic of section Hoarea (Sweet) DC., and taking only vegetative morphology into account, they cannot be distinguished.
The similarities in the leaf structure combined with the differences in the floral morphology, resulted in the complicated nomenclature for these taxa. Geranium pinna tum L. was one of two species of section Hoarea described by Linnaeus in 1753. In his description he referred to an illustration of Commelijn' s in Praeludia botanica (1703). Cavanilles (1787) described G. astragalifolium Cav., referring to the same illustration by Commelijn (1703) . He also referred to the descriptions of G. pinna tum by Burman (1759) and Linnaeus (1763) . The illustration accompanying Cavanilles's description of G. astragalifolium corresponds to Commelijn's, which is G. pinnaturn. In the same publication, Cavanilles (1787) also described G. pinnaturn. Here he also referred to Burman (1759) and Linnaeus (1763) , but the accompanying illustration is of a taxon with narrow petals, which is currently known as P. viciifolium oc.
L'Heritier in Aiton's Hortus Kewensis (1789) was the first to realize that G. astragalifoliurn is a synonym for G. pinnatum. He also recognized that the illustration of G. pinna tum sensu Cav. differs from that of G. astragalifolium and in his unpublished manuscript, L'Heritier renamed the former P. viciifoliurn. The latter was published validly by De Candolle in 1824.
Several authors upheld the name P. astragalifolium (Cav.) Jacq., and Harvey (1860) distinguished between P. astragalifolium and P. pinnaturn (L.) L'Herit. on the basis of the size of the plants and the indumentum of the leaves. He also distinguished three varieties of P. astragalifolium on the basis of plant size, and on the size, form and number of the leaflets. On this agreed with Harvey (1860) , but I regard these characteristics as unreliable within these taxa. The literature as well as the herbarium specimens cited by both Harvey (1860) and under both P. astragalifoliurn and P. pinnaturn, represent a mixture of illustrations and specimens of plants with all the different floral structures present in this group of plants.
The aim of this investigation was to determine whether different taxa can be distinguished among plants with similar pinnate leaves. To achieve these goals, the morphological study was accompanied by field work. and anatomical and palynological studies.
Methods and Results
Complete herbarium specimens were prepared from plants collected in the field and cultivated in the garden. Morphological, anatomical and palynological studies were performed on plants from the garden and on herbarium specimens. Because of the variation in the size of the flowers of P. pinnaturn, plants with large flowers and those with smaller flowers were initially regarded as separate taxa.
Morphology
All the taxa are deciduous geophytes with turnip-shaped tubers, erect pinnate leaves and rigid petioles. The stipules are relatively long (9 -40 mm), subulate and adnate to the petiole with only the apices free. The variation in the length of the stipules can be ascribed to the depth of the tuber below ground level; the deeper the tubers are situated the longer the stipules. The indumentum of the leaves, the scape and the different floral parts of the different taxa are identical. In all the taxa a considerable variation in the length of the hypanthia occurs.
Plants of all the taxa flower after the leaves have died, but dried leaf remnants are usually present. These remnants may still have pinnae left on the rachis or else can be identified by the scars on the rachis.
Differences occur in the fonn, the margins and the markings of the posterior petals. In P. pinnatum, these petals are spathulate with a length/width ratio smaller than five, whereas those of P. viciifolium DC. are ligulate with a length/width ratio greater than five. Both these species have wine-red feather-like markings on the posterior petals. The flowers of P. trifoliolatum (Eckl. & Zeyh.) E.M. Marais have prominent dark blotches on the posterior petals. These petals are ligulate to narrowly obovate with undulate margins and are laterally recurved during anthesis. All the stamens of P. pinnatum and P. viciifolium are shorter than the sepals and are concealed in the floral sheath. The posterior and lateral stamens of P . trifoliolatum are also short, but the anterior two are the same length as the sepals. P. viciifolium usually has more flowers (7 -19) per pseudoumbellet than P. pinnatum (4 -8).
Leaf anatomy
Transverse sections of wax-embedded petioles and pinnae (Table 1) were cut with a rotary microtome and stained with Alcian Green Safranin (Joel 1983) . Sections were made through the middle of the petioles and pinnae.
The petiole is more or less circular in transverse section. It is covered by a uniserial epidermis with long and short glandular hairs and unicellular non-glandular hairs. The cortex comprises a uniseriate collenchymatous hypodermis and three to four layers of large chlorenchyma cells. The vascular tissue consists of a cylinder of four main bundles alternating with a varying number of smaller bundles. A single medullary bundle is present, usually in association with the adaxial bundle. As in other Hoarea species with rigid petioles (Marais 1991) , a cylinder of sclerenchyma surrounds the vascular tissue. The pith consists of rather large parenchyma cells, and idioblasts with druses are scattered through the pith, usually in the vicinity of the vascular bundles.
The lamina is amphistomatic with a uniserial epidermis with glandular hairs and unicellular non-glandular hairs, covered by a thin and smooth cuticle. The leaves of P. viciifolium are dorsi ventral with ada xi ally one layer of short but broad palisade cells, whereas the leaves of P. trifoliolatum are isobilateral with a single layer of palisade cells on both sides of the leaf. The leaves of P. pinnatum vary from dorsiventral to isobilateral. Large-flowered individuals have isobilateral leaves, whereas the other specimens show a variation of palisade-like to spongy tissues on the abaxial side of the lamina. In all three species a prominently stained layer of cells occurs on the abaxial side of the mesophyll (Figure 1 ). In the isobilateralleaves this layer occurs on the inside of the abaxial palisade cells (Figure lA ) and in the dorsiventral leaves this layer represents the second layer inside the abaxial epidennis (Figure lB) . The mesophyll is rather compact with small and few air spaces, a characteristic which is known from other Hoarea species (Marais 1991) . Druse crystals are scattered throughout the spongy tissue.
Pollen morphology
Pollen grains of all three species were collected and treated according to the acetolysis method and studied with the light and scanning electron microscopes. At least twenty-five S .-Afr .Tydskr. Plantk., 1993, 59(2) pollen grains of each of the different specimens were studied and measured (Table 1 ). The morphology of the pollen grains corresponds to that of the rest of the genus in that the grains are spherical and tricolporate (Marais 1990 ; Figure 2 ). The sexine consists of columellae and a tectum. In P. trifoliolatum the tectum can be described as striate (Bortenschlager 1967) because the main muri are on a higher level and are more or less parallel to one another ( Figure  2A ). These muri are also thicker and more prominent than the lower connecting ones. The tectum of the other two species can be described as reticulate (Bortenschlager 1967) because all the muri are more or less on the same level ( Figure 2B ). Although there is no clear distinction in the size of the pollen of the different species, the pollen grains of large-flowered specimens of P. pinnatum are the largest (69 -71 ~m) and those of P. viciifolium are the smallest (51 -61 ~m). Pollen grains of small-flowered specimens of P. pinnatum (57 -65 ~m) and P. trifoliolatum (62 -67 ~m) are more or less similar in size. Peninsula. P. pinnatum has the largest distribution area of the three species. It coincides with the distribution of P. viciifolium on the western coastal plain and with P. triJoliolatum on the south-western escarpment. P. pinnatum also occurs in the Cape Peninsula and on the southern coastal plain in a variety of soil types and vegetation types (Figure 3 ).
Discussion
With the spathulate petals and short stamens concealed in the floral sheath, the floral structure of P. pinna tum is typical of the majority of species of section Hoarea. The morphology of the large-flowered specimens differs from the small-flowered specimens only in the size of the flower and the size of the pollen grains. Secondly, there is no correlation between the length of the hypanthia and the size Lastly, large-flowered specimens occur throughout the distribution area along with plants with smaller flowers, so that there is nothing suggested in the distribution of the different flower types to support a division below species level. P. viciifolium resembles P. pinnatum in respect of the structure of the pollen and of the androecium. Both these species have wine-red feather-like markings on the posterior petals. However, they differ with regard to the pollen size and the form of the petals. P. viciifolium has smaller (51 -61 f.1m in diameter) pollen grains than P. pinna tum (57 -65 J-Lm and 69 -71 J-Lm in diameter). The former has ligulate petals with the length/width ratio greater than five, and those of P. pinnatum are spathulate with the length/width ratio smaller than five. P. viciifolium usually has more flowers per pseudo-umbellet (7 -19) than P. pinnatum (4 -8). The short stamens together with the ligulate petals of P. VlCllfolium point rather to affinities with P. longiflorum Jacq. and P. leptum L. Bol. In respect to the floral structure and the pollen morphology, P. trifoliolatum shows little relation to P. pinna tum or P. viciifolium. With the prominent dark blotches and the undulate margins of the posterior petals, together with the longer anterior stamens, P. trifoliolatum shows affinities with P. heterophylium Jacq. The structure of the pollen of these two species also corresponds.
Although the leaves of all these taxa correspond in terms of morphology and to some extent anatomy, the floral structure differs to such an extent that I regard them as separate species. Because of the differences in the floral structure I also do not regard them as being closely related species in section Hoarea.
The following species are recognized: 
P. viciifolium.
A geophyte 110 -300 mm tall when in flower. Tuber a turnip-shaped or elongated root 12 -40 mm long and 10 -30 mm in diameter. Leaves: lamina pinnate, 25 -70 mm long, pinnae ovate, acute, 5 -12 x 3 -6 mm, the terminal pinna more or less the same size as the other pinnae, adaxially and abaxially hirsute with appressed hairs interspersed with glandular hairs; petiole 25 -80 mm long and ca. 1 mm in diameter, indumentum as on pinnae; stipules 15 -30 mm long and 1.5 -2 mm wide, hirsute. Inflorescence: scape (25 -) 40 -180 mm long, 1 -2 mm in diameter, branched, bearing 2 -4 pseudo-umbellets with (2 -) 4 -8 flowers each; peduncles 25 -140 mm long, 1.5-2 mm in diameter, densely hirsute with distally appressed curly hairs interspersed with long soft patent hairs and glandular hairs; bracts narrowly triangular, 2 -6 (-9) mm long, 1 mm wide, abaxially hirsute with distally appressed hairs. Pedicel ca. 0.5 mm long. Hypanthium II -35 (-45) mm long, covered with distally appressed curly hairs, interspersed with glandular hairs. Sepals 5, lanceolate, apices acute, 6 -II mm long, 1.2 -3.5 mm wide, posterior one erect, others recurved, indumentum abaxially as on peduncle. Petals 5, white, cream-coloured, yellow, pale pink to salmon-pink or bright pink or deep purple, claws orientated close together forming a floral sheath, apices patent during anthesis; posterior two with feather-like wine-red markings, spathulate, bases cuneate, apices rounded to emarginate, 11 -24 x 3 -10 mm, claws 9 -14 mm long; anterior three spathulate, bases attenuate, apices rounded, 10 -23 x 2-5.5 mm. Stamens concealed in floral sheath, staminal column 0.5 -2.5 mm long, white; perfect stamens 5, posterior one 1.5 -4 mm long, lateral two 2.5 -5.5 mm long, anterior two 4.5 -7 mm long, white; staminodes 1.5 -3.5 mm long; anthers pink, 1 -2.5 mm long, pollen orange. Gynoecium: ovary 2.5 -4 mm long; style 0.3 -1.5 mm 127 long, red; stigma branches 1 -2.5 mm long, dark pink. Fruit: bases of mericarps 5 -6 mm long, tails 23 -28 mm long. (Figure 4 ).
Diagnostic features
P. pinnatum has flowers with spathulate petals with winered feather-like markings on the posterior two. The length/ width ratio of the posterior petals is usually smaller than five. The stigma bmnches are always longer than the style and the anterior stamens are shorter than the calyx and hidden in the floral sheath. The scape is bmnched, bearing two to five pseudo-umbellets with four to eight flowers each. P. pinna tum shows variation in the length of the hypanthia and the width of the petals; as a result, some plants have very large flowers. Specimens with very long hypanthia (33 -45 mm) were collected in the southern Cape, especially in the Riversdale area, but also in the Cape Peninsula. Plants with very long hypanthia do not necessarily have large petals.
Geographical distribution and ecology
P. pinnatum occurs in the south-western Cape Province, from the Cederberg in the north to Albertinia in the east (Figure 3 ), an area with an annual rainfall of 400 -600 mm occurring mainly in winter. Populations of P. pinna tum are formed by plants occasionally scattered amongst schrubs in different types of soil. It occurs in coastal fynbos, coastal renosterveld or in gmssveld in sandy soil, rocky outcrops, well-drained humus-rich loam or shale and clay soils. The peak of the flowering time throughout the distribution area is from November to January, but in the southern Cape flowers are quite common until March. pinnae ovate, acute, 4 -12 (-16) x 3 -6 (-10) mm, the terminal pinna usually larger than the other pinnae, adaxially and abaxially hirsute with appressed hairs interspersed with glandular hairs; petiole 23 -100 (-140) mm long and 1 -2 mm in diameter, indumentum as on pinnae; stipules (9 -) 15 -30 (-40) mm long and ca. 1 mm wide, hirsute. Inflorescence: scape 40 -200 mm long, 1.5 -2 mm in diameter, branched, bearing 2 -5 pseudo-umbellets with 7 -19 flowers each; peduncles 50 -180 mm long, 1 -2 mm in diameter, densely hirsute with distally appressed curly hairs interspersed with long soft patent hairs as well as short and long glandular hairs; bracts narrowly triangular, 3 -5 mm long, adaxially sparsely hirsute and abaxially densely hirsute with distally appressed hairs interspersed with glandular hairs. Pedicel ca. 0.5 mm long. Hypanthium (15 -) 20 -35 (-38) mm long, indumentum as on peduncle. Sepals 5, lanceolate, apices acute, 5 -9 mm long, 1 -3 mm wide, posterior one erect, others patent to recurved, indumentum abaxially hirsute with appressed hairs interspersed with glandular hairs. Petals 5, yellow to creamy yellow, claws forming a floral sheath of 10 -12 mm long, apices patent during anthesis; posterior two with feather-like wine-red markings, ligulate, bases cuneate, apices rounded to emarginate, 14 -22 x 2 -4 mm; anterior three narrowly spathulate, bases attenuate, apices rounded, 11 -19 x 2 -3 mm.
Stamens concealed in floral sheath, staminal column 0.5 -1.5 mm long, white; perfect stamens 5, posterior one 2 -3 mm long, lateral two 3 -4 mm long, anterior two 4.5 -6 mm long, white; staminodes 2 -3.5 mm long; anthers pink, ca. 1.5 mm long, pollen orange. Gynoecium: ovary 2.5 -4.5 mm long, densely sericeous; style 0.3 -2 mm long, reddishpink; stigma branches 1.5 -2.5 mm long, reddish-pink. 
Diagnostic features
P. viciifolium has yellow flowers with ligulate petals with wine-red feather-like markings on the posterior two petals. The length/width ratio of the posterior petals is usually greater than five. The stigma branches are always longer than the style (ca. 1.5 times the length of the style), and the latter does not lengthen during anthesis or after fertilization. The stamens are short and hidden within the floral sheath.
The scape is branched, bearing two to five pseudo-umbellets with a relatively large number of flowers (7 -19) each. The hypanthium is usually long, two to four times the length of the calyx.
Geographical distribution and ecology
P. viciifolium occurs on the south-western Cape coastal plain, including the northern part of the Cape Peninsula, between the 33° and 34° latitudes and between the 18° and 19° longitudes (Figure 3) . The area receives an annual rainfall of 200 -400 mm mainly during winter. It occurs on hill sides in grassveld or renosterveld on shale, and flowers from October to January with the peak during November and December. Flowers appear after the leaves have died, but dried leaf remnants are usually still present.
Material studied sensu Rarv.: 268, 269 (1860) p.p.; P. astragalifolium sensu Knuth: 345 (1912) 
A geophyte 170 -250 mm tall when in flower. Tuber a turnip-shaped root, 12 -35 mm long and 10 -35 mm in diameter. Leaves: lamina pinnate, 50 -170 mm long, pinnae ovate, acute, 6 -15 x 3.5 -6.5 mm, terminal pinna more or less the same size as the other pinnae, adaxially and abaxially hirsute with appressed hairs interspersed with short glandular hairs; petiole 50 -150 mm long and 1 -2 mm in diameter, indumentum as on pinnae; stipules 13 -33 mm long and 1 -2 mm wide, abaxially hirsute. Inflorescence: scape 20 -150 mm long, 1 -2 mm in diameter, branched, bearing 2 -5 pseudo-umbellets with (3 -) 5 -14 (-20) flowers each; peduncles 50 -160 mm long, 1 -1.5 mm in diameter, densely hirsute with distally appressed curly hairs interspersed with long soft patent hairs and glandular hairs; bracts narrowly triangular, 3.5 -6 mm long, 2 mm wide, abaxially densely hirsute with distally appressed hairs. Pedicel ca. 0.5 mm long. Hypanthium 10 -15 (-25) mm long, densely covered with appressed curly hairs and glandular hairs. Sepals 5, lanceolate, apices acute, 6 -9.5 mm long, 1.2 -3 mm wide, patent during anthesis, abaxially densely covered with appressed hairs and glandular hairs. Petals 5, cream-coloured, yellow or pink, claws orientated close together forming a floral sheath of 8 -12 mm long; posterior two ligulate to narrowly obovate, curved laterally, with a prominent wine-red blotch on the curve, bases cuneate, apices rounded, margins undulate, laterally recurved during anthesis, 14 -21 X 2.5 -6.5 mm, claws 8 -12 mm long; anterior three spathulate, bases attenuate, apices rounded, 13 -20 X 2 -6 mm. Stamens concealed in floral sheath, staminal column 1 -2.5 mm long, white; perfect stamens 5, posterior one 1.5 -3 mm long, lateral two 2.2 -5 mm long, anterior two 6 -9.5 mm long, white; staminodes 2 -3.5 mm long; anthers pale pink, 1 -2 mm long, pollen yellow. Gynoecium: ovary 2.2 -5.5 mm long; style 1 -3 mm long, pink; stigma branches 0.5 -1.5 mm long, pink. Fruit: bases of mericarps 3.5 -4 mm long, tails 17 -24 mm long. (Figure 6 ).
Diagnostic features
P. trifoliolatum has flowers with prominent dark blotches on the posterior petals. These petals are ligulate to narrowly obovate and laterally recurved during anthesis and the margins are undulate. The stigma branches are usually shorter than the style. The anterior two stamens are more or less the same length as or slightly longer than the calyx. The scape is branched, bearing two to five pseudo-umbellets with about 5 -14 cream-coloured, yellow or pink flowers each. The hypanthium is 1.5 -3 times the length of the calyx.
Geographical distribution and ecology P. trifoliolatum occurs on the lower slopes of the western escarpment of the south-western Cape, from Piketberg and the Koue Bokkeveld Mountains in the north to the Groot Drakenstein in the south (Figure 3) . During the previous century it was also collected by C.F. Ecklon and C. Zeyher, and R. Marloth in the Cape Peninsula. The distribution area receives an annual rainfall of 400 -1000 mm occurring mainly in winter. The plants are locally common. They grow in clay soils in renosterveld as well as in sandy soil in fynbos. Flowering time is from October to January with the peak in November. Flowers appear after the leaves have died, but dried leaf remains are usually still present.
Material studied
